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High purity La;Os s required for application of target material. The main purpose of the research is to prepare the high

purity La;O;. To obtain the high purity La,Os, extraction chromatography using D2EHPA impregnated resin is used as the
main purification method to obtain the high purity La,0s. Also, a strong base polystyrene-divinylbenzene quaternary amine
type of anion exchange resin (DIAION SA 10A) was applied for the separation of the impurities which cannot be removed by
extraction chromatography using D2EHPA impregnated resin. Experiments were carried out at room temperature and in HC
media. Prepared La,0; from purified LaCly solution by calcinating La oxalate precipitated is evaluated by GDMS. The
contents are summarized as follows.

Chapter 1 described needs of high purity La,O; as high-x dielectric material and the purification method of rare earth
elements such as ion exchange, solvent extraction, and extraction chromatography. Also, a practical research objective and
originality are defined from the issues pointed out.

Chapter 2 examines the relationship between extraction chromatography and solvent extraction via batch experiment. Also,
performance of solvent impregnated resin using D2EHPA, PC88A, Cyanex 923 as solvents is investigated by batch
experiment as functions of ratios between resin and metal solution and HCI concentration to find the optimum solvent
impregnated resin. As a result, Cyanex 923, PC88A impregnated resin is not suitable for the separation of Ce, Pr, Nd, and Sm
from La, because of the low adsorption ability for the tested elements. However, D2EHPA impregnated resin has the high
adsorption ability and the large separation factors of the examined elements over La. Therefore, D2EHPA impregnated resin is

found to be the most appropriate resin among the tested solvent impregnated resins.
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In addition, relation between the logarithms of the distribution coefficients of the examined elements on D2EHPA
impregnated resin and the equilibrated pH was estimated and represented by a straight line of slope three. This indicates that the
mechanisms of solvent extraction and sorption by solvent impregnated resin are identical.

In chapter 3, from the results of chapter 2, D2EHPA impregnated resin was used for separation of impurities from La.
The batch experiments were carried out in order to obtain the distribution coefficients of La and its major impurities on
D2EHPA impregnated resin and the separation factors were also estimated from the results of the distribution coefficients. As a
result, the separation factors of the divalent or trivalent elements were smaller or larger than unity, respectively. In addition,
adsorption behaviors of the examined elements on D2EHPA impregnated resin were well explained by the extraction
mechanism of solvent extraction using D2EHPA.

Based on the results of the distribution coefficients and the separation factors, the extraction chromatography for La
purification was carried out using D2EHPA impregnated resin as stationary phase. The flow rate and the height of the resin bed
were varied in this experiment. It is found that the slower flow rate and the higher bed height were desirable. The slowest flow
rate and the highest bed height tested in this work were 1 ml'min™ and 180 mm, respectively, for the resin bed with 25 mm
diameter, and it was confirmed that this condition was suitable for practical use in the low La concentration.

Moreover, based on the optimum condition in the low La condition, the separation of impurities from La is carried out by
extraction chromatography using the D2EHPA impregnated resin and anion exchange by DIAION SA-10 in the high La
concentration and HCl media. Although there is a problem of decreasing equilibrated pH, height of bed resin and volume of
loading solution is controlled to solve the problem. Also, cohumnn experiment is carried out by changing of La concentration o
find a best condition for separation of impurities from La. The optimum condition of 360 mm height of resin bed and high La
concentration is obtained. Furthermore, the column experiment of semi-pilot column with diameter 50 mm and 720 mm height
of resin bed is carried out in La 15 g-dm'3. However, there is a problem of the Bi removal from La, because Bi has the same
elution curve with La.

Anion exchange resin of SA-10 is used for removal of Bi. The condition of Bi removal is 1 mol-dm™ HCI La chloride
solution, 1 ml-min” flow rate in the small column. Consequently, it was confirmed that the separation of La and other
impurities was possible by a method of extraction chromatography using D2ZEHPA impregnated resin and anion exchange
using SA-10.

Chapter 4 describes the preparation of high purity La,0; from purified LaCly solution prepared in chapter 3 by oxalate
precipitation method. Also, purity of the specimens and the overall process efficiencies are compared and interpreted.
Furthermore, purity of prepared La;O is evaluated by glow discharge mass spectrometry (GDMS). According to the oxalate
Precipitation method, the optimum condition of La,Oy preparation is obtained as 50 ml of oxalate solution (0.65 mol), and
heating at 1083 K for 2 h under O, atmosphere. Metallic impurities from prepared La,0: were evaluated by GDMS. Table 1
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displays the impurity concentration detected by GDMS. The first (A) sample shows the data of La;O5 obtained directly by
oxalate precipitation of the starting material (LaCl solution without treatment of D2EHPA impregnated resin and aniop
exchange separation). The second (B) sample shows the data of the La,0; obtained by oxalate precipitation from LaCl,
solution purified only by the D2EHPA impregnated resin. The third (C) sample shows the data of the La,0; obtained by
oxalate precipitation from LaCl; solution purified by anion exchange and then D2EHPA impregnated resin. The froth (D)
sample gives the data of commercial SN La,Os.

Table 1 The GDMS analysis of La,Oa.
Elements (A) B) © D)
Rare earth elements / mass ppm

© Sc 0.012 <0.01 <0.01 <01
Y 0.640 <001 <0.01 0.110
Ce 8.40 0.370 0.490 0.100
Pr 3.70 1.56 0.340 4.17
Nd 3.70 0.085 0.096 1.52
Sm 5.70 0.120 <001 0.370
Eu 3.20 0.440 0.039 1.42
Gd 3.10 0.087 <001 0.400
Dy 0.022 0.018 <0.01 0.850
Yb 0.850 0.016 <0.01 0.270

La,0yTREO (%) 99.9953 999996 999998  99.9989
Non-rare earth elements / mass ppm

Mg 1.53 1.89 1.43 1.69
Al 1026 727 2.61 468
K 6.23 455 4.40 621
Ca 9.52 223 1.77 573
Cr 3.18 2.86 0.400 1.04
Mn 2.56 206 0.049 131
Fe 3.11 2.74 342 465
Cu 0.450 343 0.220 2.88
Zn 0.510 0.580 0.110 2.76
Ga 113 0.200 0.063 0.054
Se 0.790 211 0.160 426
Sn 4.03 0.290 0.510 331
Hf 0.020 0.390 0010 <00l
Ta 9.51 1.76 0.900 10.61
W 0.010 0.360 <0.01 0.026
Pt 0.450 0.350 <001 0.440
Bi 0.400 0.340 <0.01 <0.01
Purity (%) 99967 99994 99996 99992

A: LayO, prepared by raw material LaCly-7H;0 (99.1%), B: La;O; prepared by treatment extraction chromatography
C: La,O; prepared by treatment of anion exchange and extraction chromatography, D: Commercial SN La;0O;
The purity of produced La;O; increased from 99.967% (A) to 99.994% (B) according to the D2EHPA impregnated resin
separation. Also, it is confirmed that the purity of LayOyTREO (Total Rare Earth Oxide) remarkably increased from 99.9953
(A) t0 99.9996 (B) as the D2EHPA impregnated resin separation is adopted. All rare earth elements could be reduced to less

than 1 mass ppm except Pr (1.56 mass ppm), so that the D2EHPA impregnated resin separation is very effective for elimination
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of rare earth elements from La. In case of the (C) sample, purity of La,O is 99.996% and La;O+/TREO becomes 99.9998% by
poth the anion exchange and D2EHPA impregnated resin separation. It is confirmed that all rare earth elements could be
reduced to less than 1 mass ppm. The impurities of some transition elements such as Al, Cr, Mn, and Cu also reduced in this
process. In addition, the total purity including rare earth elements and non-tare earth elements is better than that of commercial
5N La;O;. It can be concluded that D2EHPA impregnated resin is effective for the separation of rare earth elements from La
and anion exchange resin is useful for the separation of some transition metals. Flow sheet of “Preparation process of high
purity La;05” is sumﬁaarimd in Fig. 1.

Finally it can be concluded Ihat extraction chromatography using D2EHPA impregnated resin is excellent method to
separate rare earth elements from La and anion exchange resin is useful for the separation of some transition metals. Also, this
method is a very simple process compared to the other purification methods. Accordingly, it is confirmed that the purification
process developed in this research is suitable for preparation of high purity La;0;.
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Figure 1 Preparation process of high purity La,0s.
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